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(71) We, RCA CORPORATION, a 
corporation organised under the laws of the 
State of Delaware, United States of America, 
of 30 Rockefeller Plaza, City and State of 

5 New York, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the metiiod by vfhlch it is to be performed, 
to be particularly described in and by the fol- 

10 lowing statement: — 

This invention relates to the fabrication of 
semiconductor integrated circuits of the mono- 
lithic type. 

The practice of incorporating various elec- 

15 tronic components on a single (monolithic) 
chip or piece of semiconductor material is 
vTcU Imown. One limitation on the type of 
components which can, on a practical basis, 
be incorporated on the same diip is that the 

20 various components must be relatively simi- 
lar to one another with respect to the materials 
and dimensions of the components and with 
respect to the processes used to fabricate the 
components. When the components gre too 

25 dissimilar with respect to these factors, separ- 
ate semiconductor chips have to be used even 
in those cases where the circuit functions of 
the components involved most naturally 
"suggest" the use of a single chip. The use 

30 of separate chips often adds undesirable 
expense to the circuit. 

According to the invention we provide; a 
method of fabricating an integrated circuit 
comprising; reacting a portion of a body of 

35 monocrystalline semiconduaor material to 
provide an island of insulating material 
within said body; providing on said island 
a thin layer of seaaiccnductor material; form- 
ing a semiconduaor component within said 

40 body of semiconduaor material and a semi- 
conductor component within said thin layer; 
and providing conneaors for said components 
on a' surface of said body and on a surface 
of said island. 

45 la the accompanying drawings; — 

[Price 25p] 



FIGURE 1 is a plan view of a portion 
of a device made in accordance with the 
instant invention; 

FIGURE 2 is a sectional view of the device 
portion taken along the line 2—2 of FIGURE 50 
1; 

FIGURE 3 is a cross-sectional view of a 
wotkpiece operated on in a sequence of steps 
to provide the device shown in FIGURES 
1 and 2 ; 55 

FIGinffi 4 is a view shnilar to that of 
FIGURE 3 but shovdrig the workpiece at a 
successive step in said sequence of steps; 

FIGURE 5 is a plan view of the worlqaiece 
shown in FIGURE 4; 60 

FIGURES 6, 7, and 8 are views similar 
to that of FIGURE 4, but showmg still later 
steps in said sequence of steps; 

FIGURE 9 is a plan view of the work- 
piece shown in FIGURE 8; 65 

FIGURE 10 shows a further step in said 
sequence of steps; and 

FIGURE 11 is a cross-sectional view of a 
workpiece operated on in accordance with 
a different embodiment of the invention. 70 

An example of a portion of an integrated 
circuit device 10 made in accordance with 
the instant invention is shown in FIGURES 
1 and 2. The device 10 comprises a sub- 
strate 12 of semiconduaor material, e.g., 75 
monocrystalline silicon, having thereon a com- 
posite layer 14 comprising various islands 16 
and 18 of semiconduaor material, e.g., mono- 
crystalline silicon, spaced apart within an 
island 22 of an insulating material, e.g., sili- 80 
con dioxide. Only a portion of the device 
10 is shown. In general, the device 10 will 
contain numerous islands of semiconduaor 
material separated from each other by an 
island or islands of insulating material. Per- 85 
sons skilled in die semiconductor art will 
understand how complete devices, in accord- 
. ance with this invention, can be designed and 
fabricated. 

The island 18 comprises a semiconduaor 90 
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component of the type nonnaUy fabricated in 
monociystalline semiconductor material, e.g., 
a bipolar transistor 28 in this embodiment. 
The transistor 28 comprises an emitter region 
30 of N conducdvity material having a thick- 
ness in the order of 5000 A, a base region 32 
of P . conductivity material, having a thick- 
ness in the order of 10,000 A, and a collector 
. region 34 of N conductivity material, having 
a thickness in the order of 10,000 A. The 
emitter region 30 and . the base region 32 
extend to the upper surface of the island 
18 which is covered with a layer 42 of insu- 
laung material, e.g., silicon dioxide. Elec- 
trodes 38 and 40 are disposed on the layer 
42 and extend through openings therethrough 
into contact with the base region 32 and the 
emitter region 30, respecuvel.v. The collector 
region 34 is connected to the island 16 via 
a highly doped region 44 within the substrate 
12. The island 16 comprises two regions 46 
and 48 of N conducrivity which provide a 
conductive path between the region 44 and 
the upper surface of the island 16. An elec- 
trode 49, serving as the collector electrode 
for the transistor 28, extends through an 
opening through an insulating layer 42 on 
the island 16 and into contact with the region 
48. 

Although not shown, other semiconductor 
components can be provided in other semi- 
conductor islands of the laver 14. 

Disposed on portions of the upper surface 
of the island 22 arc thin layers 52, 54, and 
56 of a semiconductor material, e.g., silicon, 
having a thickness in the order of 10,000 A. 
Because of the manner in which the laym 
52, 54 J and 56 are preferably provided, as 
described hereinafter^ these layers are poly- 
crystalline. Covering portions of each of the 
layers 52, 54, and 56 are layers 42 of an 
insulating material, e.g., silicon dioxide. 

The remlcohductor layer 52 includes a 
field effect transistor 62 comprising a source 
region 64, a channel region 66, and a drain 
region 68. Overlying the insulating Ia\w 42 
on the semiconductor layer 52 are metal elec- 
trodes 70 and 72 each electrically connected 
to a different one of the source and drain 
regions 64 and 68, respectively, throu^ open- 
ings through the layer 42. A gate electrode 
74 is disposed on the insulaung laj'cr 42 over- 
lyin^ the channel region 66. 

The thin layer 54 includes a p-n iuncdon 
diode 75 comprising a region 76 of highly 
doped N conductivity and a region 78 of 
highly doped P conductivity. Metal elec- 
trodes 80 and 82 are provided on the insu- 
lating layer 42 connected to each of the 
regions 76 and 78, respectively, through 
openings through the layer 42. 

The thin layer 56, including a covering 
layer 42 of an insulating material, comprises 
an insulated connector for interconnccdng 
certain ones of the components of the device 



10 while allowing cross-over thereof of other 
connectors of the device without electrical 
shorting therebetween. 

Thus, by way of example of providing 
interconnections between the device compon- 70 
ents, the emitter electrode 40 of the transis- 
tor 28 is connected to the source electrode 
70 of the transistor 62 via. a coiuiector 40'. 
The drain electrode 72 of the transistor 62 is 
connected to the electrode 80 of the diode 75 
75 via a connector 72'. The electrode 82 of 
the diode 75, the gate electrode 74 of the 
transistor 62, and the base electrode 38 of 
the transistor 28 are connected to compon- 
ents (not shown) of the device 10 via 
(FIGURE 1) connectors 82', 74', and 38', 
respectively, which pass over the insulated 
connector 56. Metal connectors 56' are elec- 
trically connected to the ends of the laver 
56 through openings through the covering 
layer 42, the connectors 56' extending to 
other components (not shown) of the device 
10. As shown, the connectors 38', 74', and 
82' extend over the island 22 of silicon 
dio.xidej an advantage of this being that the 90 
capacitive coupling between the connectors 
38', 74', and 82' and other semiconductor 
components of the device 10 via the semi- 
conductor substrate 12 is minimized. Also, 
becaiise the transistor 28 is disposed within 95 
the island 22 of insulating material, good 
electrical isolation between the transistor 28 
and other components (not shown) formed 
within other semiconductor islands of the 
composite layer 14 is provided. 100 

The fact that the upper surfaces of the 
various islands comprising: the laver 14 are 
coplanar, as shown in FIGURE 2, is cf 
importance with respect to the extension of the 
various conneaors from island to island. By 105 
avoiding steps between the condguous islands, 
over which the connectors would otherwise 
have to ascend and descend, the danger of 
discontinuity or breaks in the connectors is 
greatly reduced. 110 

A niethod of fabricating the portion of the 
device 10 shown in FIGURES 1 and 2 is 
now described. A single piece of semicon- 
ductor material, e.g., a substrate 12 rPIGURE 
3) of monocrj'stalline silicon doped to be of 115 

conductivity, is used as the starting work- 
piece. The shape and dimensions of the sub- 
strate are not critical. 

^ Using known masking and diffusing tech- 
niques, a high concentration of doping 120 
impurities, e.g., arsenic or antimony at a sur- 
face concentration of 10" atoms/cc, is diffused 
into the substrate 12 to provide the collector 
connector 44 of relatively high electrical con- 
ductivity. Then, a layer 90 (FIGURE 4) of 125 
monocrystalline silicon of N conductivity, of 
about 0.6 ohm-cm. and of a thickness in the 
order of 20,000 A, is epitaxialiv deposited 
on the substrate 12, A layer 92 of a masking 
material, e.g., a 1,000 A thick layer of silicon 130 
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nitride, is next deposited on the layer 90, and 
the masking layer 92 is defined by known tech- 
niques to expose a surface portion 94 
(FIGURES 4 and 5) of the underlying layer 
5 90. 

Then, using an etchant such as dilute 
gaseous hydrochloric add in hydrogen or the 
liquid potassium hydroxide, the exposed por- 
tions of the layer 90 are etched (FIGURE 

10 6) to about half-way through the layer 90 to 
provide a cavity 100, The exposed pordons 
of the silicon layer 90 are .then oxidized 
(FIGURE 7) using known thermal oxidation 
processes for a period of time sufficient to 

15 oxidize through the endre thickness _ of the 
remaining portion of the layer 90. Since the 
oxidizing process increases the amount > of 
material present, in a ratio of about 2 to 1 
by volumes by adding oxygen to the silicon, 

20 the upper surface of die resulting island 22 of 
silicon dioxide is substantially coplanar with 
the upper siniace of the layer 90. As known, 
the siKcon dioxide of the island 22 is of 
non-cr3rstalline5 amorphous form. The remain- 

25 ing portions of tiie layer 90 within the island 
22 comprise the islands 16 and 18 of mono^ 
crjrstalline silicon. 

A thni layer of P type silicon, c^.j of 
10,000 A thickness, and having a dopms 

30 concentration of boron in the order of IX 10" 
atoms/cc, is next deposited using for example, 
laio\m pyroljmc deposition techniques, on the 
upper siirface of the workpiece and, using 
knovm masking and etching processes, the 

35 silicon layer is defined to provide the spaced 
layers 52, 54, and 56 fFIGURES S and 9) 
on the island 22. Since the silicon dioxide 
material of the island 22 is non-crystalline, 
the silicon, where it contacts the surface 104 

40 of the silicon dio::ide island 22, is polycrystal- 
line. 

As sliown, the layers 52, 54, nnd 56 con- 
tact only tbe island 22 and are spaced from 
die serniconductor islands 16 and 18. This 

45 separation of the layers 52, 54, and 56 from 
the islands 16 and IS improves the dielectric 
isolation among various ones of the com- 
ponents of the device 10, thus improving die 
performance of the device. 

50 The silicon nitride masking layer 92 is 
now removed, as by etching, and the work- 
piece is now ready for the fabrication of semi- 
conductor components therein. (In some 
instances, depending upon the particular 

55 device being made, the silicon nitride layer 
92 can be left in place and used in the sub- 
sequent fabrication step.) The spaced apart 
islands 16 and 18, being of monocrystalline 
silicon, are available for the fabrication of 

60 components of the type normally made in 
**bulk** silicon, i.e., wherein the substrate is 
of semiconductor material. The thin layers 
52, 54, and 56, of polycrystalline silicon, are 
available for the fabrication of certain kinds 

65 of components normally made in thin semi- 



conductor films on insulating substrates, an 
example of such components being Icnown as 
sDicon-on-sapphire (SOS) devices. An advan- 
tage of such thin film on insulating substrate 
devices is that reduced electrical couplmg 70 
among the various components on the insu- 
lating substrate is provided, thereby • pro- 
viding circuits having more efficient electrical 
performance: While not critical, the thickness 
of the **thin" films of semiconductor material 75 
used in such devices is generally less than 
20,000 A. 

While not all types of semiconductor com- 
ponents .normally fabricated in thin films of 
semiconductor material can be fabricated in 80 
the layers 52, 54, and 56, owing to the fact 
that these layen are of polycrystalline 
material, certain kinds of semiconductor com- 
ponents can be so fabricated. For example, 
p-n jxmction diodes. Schottky barrier diodes, 85 
and insulated gate field-efiect transistors can 
be fabricated within the polycrystallme 
material with usable electrical performance. 

Work is presendy being done by various 
researchers to develop techniques for deposit- 90 
ing certain insulating materials, such as alu- 
minum oxide, in crystalline form on a sub- 
strate. If such techniques prove successful, 
such a crystalline insulating material could 
be used as a substrate for the thin layers 52, 95 
54, and 56, in which case the silicon layers 
could be deposited in "cpitaxic relation" with 
the crystalline substrate. That is, owing to the 
crystalline substrate, the silicon layers 52, 
54, and 56 could be deposited in monocrys- IOC 
talline, rather than polycrystalline form. With 
such monocrystalline layers, semiconductor 
devices of substantially improved quality can 
be provided. 

To complete the device, standard masking 105 
and diffusion techniques are tised to form 
the various regions of the various semicon- 
ductor components of the device. Of signifi- 
cant importance is the fact that certain ones 
of the diffusions can be used to form regions 110 
in the "bulk" silicon islands 16 and IS simul- 
taneously with the formation of regions in 
various ones of the thin layers 52, 54, and 
56. Thus, using a P type diffusion, the P 
base region 32 OTGURE 10) of the island 115 
18 is formed simultaneously with the con- 
version of the island 56 from low P conduc- 
tivity as originally deposited to high P con- 
ductivity (e.g., the layer 56 is doped with 
boron to a surface concentration of about 120 
1x10" atoms/cc). Then, using an N type 
diffusion, the colleaor contact region 48 of 
the island 16 and the emitter region 30 of the 
island 18 are formed simultaneously with the 
formation of the source region 64- and the 125 
drain region 68 in the thin laver 52 and the 
region 76 in the thin layer 54. 

Each of the difihisions into the various 
layers 52, 54, and 56 is preferablv entirelv 
through the thickness (e.g., 10,000 A) of 130 
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ilicse ]a\*srs. While the depths of the diffu- 
sions into The layers 16 and 18 to provide the 
regions 4S and 30, rcspectiveij*, (e.g., 5.000 
A) is less than the depths of tlie diffusions 
5 completclj' through the laj-ers 52^ 54, and 
56y simultaneous diffusions can still be made 
owing to tJie fact that the rate of diffusion 
through the poIycn'staHine silicon of the 
layers 52, 54, and 56 is much faster than the 
10 rare of diffudon through the monocrj-stallline 
sih'con of the islands 16 and IS. 

Finallj', using standard techniques, a thin 
la3-er 42 CFIGU^^ 2) cf silicon dioxide is 
tlicrmally gro^vn on the exposed sinfaccs of 
15 the various bodies of silicon, openiniis are 
provided tlirough the layers 42 to esj^ose 
• surface poruons of various ones of the sili-' 
con bodies, and a layer of nictnl, e.g., alu- 
minum having a thickness of 10,000 A, is 
20 deposited on the worlqiiece and defined in 
kno\\*n manner to provide the various elec- 
trodes and connectors shewn in FIGURES 
1 and 2. . 

As previously noted, the upper surface of 
25 the composite layer 14 (FIGURE 2) is planar, 
tliereby eliminating steps beivreen the various 
islands of the layer .14 and reducing the 
danger of the presence of disconunuities in the 
metal connectors extending from island to 
30 island of the layer 14. Although the thin sili- 
con layers 52, 54, and 56 and the ^'arious 
covering insuladng Jaj'crs 42 do provide steps 
in the device 10, ovring to the th?nness of the 
layers 52, 54, and 56, in the order of 10,000 
35 a] and the thinness of the insulating la>-crs 
42, in the order of 1000 A, the size of these 
steps is adequately small to avoid excessive 
loss of product owing to connector discontinui- 
ties. 

40 Widi reference to FIGURE 11, anotlier 
embodiment of the invention is sho\\Ti. In this 
embodiment, instead of forming a cavity 100 
iTIGURE 6) in the lax-er 90 on the substrate 
12, the portion 94 (FIGURES 4 and 5) of 
45 the layer 90 exposed through the masking 
laver 92 are thermallv oxidized to form an 
island 22' (FIGURE' 11) of silicon dioxide. 
In the oxidizing process, ilie layer 90 is 
oxidized througli its . entire thickness, the 
50 resulting island 22' thus extending above the 
upper surface of the layer 90 a. distance about 
equal to the thickness of the layer 90. This 
occurs as a result of the oxidizing process in 
which ox\'gen is added to the silicon. The 
55 thin films 52, 54, and 56 of silicon arc then 
formed on the upper surface of the island 
22'. Completion of this workpiece can pro- 
ceed in the same manner as the ccmpleucn of 
the workpiece shown in FIGURE S. 
60 An advantage of the embodunent shown 
in FIGURE 11 is that an island 22' having 
an extremely flat znd smooth upper surface 
can be provided. In the first described embodi- 
ment, in which a cavity 100 is formed, the 
65 etching process preferably used to form the 



cavity may result in a somewhat rough and 
uneven surface at the bottom of the cavity. 
The thermally grown island 22 (FIGURE 1) 
formed in the cavity 100 tends to mirror or 
reproduce this roughness, wherebj' the upper 70 
surface of the island 22 tends to be likewise 
rough aiid uneven. For best reproducibility 
of charaaeristics from device to device, 
islands having smooth upper surfaces on which 
the thin semiconductor films and connectors 75 
are to be formed is desired. 

While, in this last described cmbodimenr, 
the edges 110 of the island 22' do form steps 
with respect to the other islands 16 and 18 
and the layer 90, it is feasible to fabricate 
the island 22' of such thickness, e.g., with the 
steps 110 having a height of about 10,000 A, 
and preferably less than 20,000 A, that the 
presence of these steps does not give rise to 
any significant problems with respect to the 85 
forming of the metal interconnections there- 
over. 

WHAT WE CLAIM IS : 

1. A method of fabricadng an integrated 
circtiit comprising; reacting a portion of a ^ 
body of monocrystalline semiconductor 
material to provide an island of insularinp 
material within said body; providing on said 
island a thin layer of semiconductor material; 
formirig a semiconductor component within 95 
said body of semiconductor material and a 
semiconductor component within said thin 
laj'er; and providing connectors for said com- 
ponents on a surface of said body and on a 
surface of said island. 100 

2. A method as claimed in claim 1 wherein 
one of said connectors extends between and 
on said surfaces. 

3. A method as claimed in claim 1 or 2 
wherein both semiconductor materials arc sili- 105 
con and. said insulating materia! is silicon 
dioxide. 

^ 4. A method of fabricating an integrated 
circuit as claimed in claim 1, 2, or 3 includ- 
ing the steps of diffusing a high conccntra- 110 
uon of impurities into, a region of a. semi- 
conductor body at a surface thereof to form 
a first region of relatively high conductivity; 
epitaxially depositing a layer of monocrystal- 
line silicon onto said surface of said bodv; 115 
oxidizing through the enure thickness of said 
Ia3'er to convert portions thereof to silicon 
dioxide and thus provide two islands of sili- 
con separated by said portions, said islands 
contacting different portions of said first 120 
region of said substrate and being electric- 
ally conneaed together thereby; providing on 
a surface of one of said portions of silicon 
dioxide inwardly of the edges thereof spaced 
apart thin layers of a semiconductor material; 125 
forming a semiconductor component within 
said two islands of semiconductor material 
and forming a semiconduabr component 
within one of said thin layers; mid providing 
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electrical conneaors for said components on 
surfaces of said islands and on surfaces of 
said thin layers^ some of said coimectors 
extending from said semiconductor islands 
onto surfaces of said portions. 

5. A method as claimed in any one of 
claims 1 to 4^ wherein said surfaces of said 
islands and of said portions are substanti- 
ally coplanar. 

6. A method as claimed in claim 4j includ- 
ing the steps of: providing another of said 
thm la3^rs of semiconductor material with a 
high doping concentration for good electrical 
conductivity thereof; providing an insulating 
coating on a portion of said another layer; 
and extending one of said connectors across 
said coated portion of said another layer. 

7. A method as claimed in claim 4, herein 



said step of forming said semiconductor com- 
ponents includes the simultaneous diffusion 20 
of a conductivity modifier into one of said 
islands of semiconductor material and into 
said one thin layer. * 

8. A method as claimed in claim 7, wherein 
said thin layer is of polycr3rstalline silicon^ 25 
the depth of said diffusion into said layer 
being greater than the depth of said simul- 
taneous diffusion into said island. 

9. An integrated circuit substantially as 
described with reference to the accompany- 30 
ing drawings. 

For the Applicants, 
MATTHEWS, HADDAN & CO., 
Haddan House, 33 Elmfield Road, 
Bromley, Kent, BRl ISU. 
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